2004$ 1U 9B 18M Ki tazswa & Koizumi NO. 7488 P. 3 



10 



15 



20 



25 



INKJET DEVICE 
onntCPntTHn OF THE INVENTION 

1. Field of the Invention 

The present invention relates to an Inkjet device, and 
more particularly to an Inkjet device that is capable o£ 
ejecting ink accurately on a medium. 

2. Description of Related Art 

ft printer is the most common device for recording 
digital image date en e medium. WW« printers, «hich 
offer high-guallty images at !o» cost, ere the most popular 
printer type. Because the in W et printers can record images 
without contacting a medium, the Inkjet printers are no. 
considered tor us. in the manufacture of semiconductors, 
liquid crystal displays <1CD| , organic electroluminescence 
(EL) displays and other displays. 

STTMMARY OF THE INVENTION 
However, there are problems that have to be solved to 
use Inkjet devices for manufacturing the above displays- 
The resolution of images recorded by Inkjet printers 
(expressed in dpi: dot/inch) is commonly 600 dpi. By 
contrast, the resolution of display pixels formed on the 
displays (expressed in ppi: pixel/inch) is commonly 100 PP i, 
which is considerably lower (coarser) than the resolution of 
images by Inkjet printers. 

On the other hand, the accuracy required in 
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positioning images on paper or other recording media is not 
very strict. For instance, an accuracy of 0.1 » is 
sufficient even when printing images on a preprinted paper. 
With display pixels, by contrast, a medium is a patterned 
gl ass substrate where the accuracy required In positioning 
in* on the pattern is approximately 1 » . U/M500 inch), 
which is extremely strict. This accuracy can be achieved by 
increasing the resolution to 25400 dpi, but this generates 
1800 times as much data as for 600 dpi recording, which ie 
unrealistic. Since the actual resolution of display pixels 
is only 100 ppi, recording those 100-ppl pixels at a 
resolution of 25400 dpi requires an unreasonable amount of 
data and is inefficient. 

There is another method of accurately positioning the 
initial in* ejection and then repeatedly recording pixels 
accurately at regular interval, of 100 PP i for subsequent 
ink ejection. This method can avoid increasing the amount 
of data. However, this method works only when all the 
display pixels are located on lines at 100 PP i intervals, 
in actual use, there are also teat pixels located on the 
circumference of display cells in which display pixels are 
arranged. Generally, the teat pixels are not located on the 
lines at 100 PP i intervals like the display pixels. The 
medium used here is 1 . square substrate, and the substrate 
includes a plurality of display cells. When the intervals 
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ot th . plurality of display cells are not multiple numbers 
of the intervals of display pixels, all the di^iay pi»la 
„ some of the Plurality of display cells are not looat.d on 
t„e lines at 100 ppi intervals. Accordingly, this method of 
using accurate positioning only for initial ejects 
followed by repeated ejection at regular intervals cannot be 
used. 

ln vlew of the foregoing, it is an objective of the 
present invention to provide an InkJet device capable of 
highly accurate positioning of ink ejection with almost no 
increase in the amount of digital image data. 

in order to attain the above and other objects, the 
present Invention provides an InkJet device. The InkJet 
de.ice includes an InkJet head having multiple nossle. 
, arranged at equally spaced intervals in a row. the InkJet 
he ad ejecting ink droplets from the multiple noazles onto 
target plkeis on a medium, a data generating unit that 
generates both ejection data and timing control data from 
pattern data, a drive-wavef orm-gener.tion-.ignal generating 
,0 unit that generates a drive-waveform generation signal an 
accordance with the timing control data, a transfer-signal 
generating unit, that generates a transfer signal an 
accordance with the timing control data, a drive-waveform 
generating unit that generates a drive waveform an 
25 accordance with the drive-waveform generation signal, an 
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ej «ction-data tranaferrin, unit that transfer, the ejection 
dlt , in accordant with the tranef.r signal, and a control 
unit that controle, hasad on the drive waveform and the 
ejection data transferred fro- the eject ion-Ota 

i-h«= inkiet head to selectively eject ink 
transferring unit, the infcuet neau 

droplets from the multiple nozzles. 

The present invention also provides a control method 
,or controlling an Inkjet device. The control method 
includes the steps of a) generating ejection data and timing 
control data from pattern data, ») generating a drive- 
reform generation signal in accordance with the timing 
control data, c) generating a transfer signal in accordance 
with the timing control data, d) transferlng the ejection 
data to a register in accordance with the transfer signal, 
e, generating a drive waveform in accordance with the drive- 
waveform generation signal, and f) controlling, based on the 
drive waveform generated in step d) and the ejection data 
stored in the register, an Inkjet head to selectively eject 
ink droplets from multiple nobles of the Inkjet head onto 
target pixels on a medium. 

w»TF.F DESCRIPTT HM OF THE DRAWINGS 
The above and other objects, features and advantages of 
the invention will become more apparent from reading the 
following description of the preferred embodiments taken in 
connection with the accompanying drawings in which: 
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Fig. 1 is an explanatory diagram showing the overall 
construction of an inkjet davice according to a first 
embodiment of the present invention; 

Fig- 2 is a block diagram showing the construction of 
a timing control board of the inkjet device shown in Fig. 1; 

• Fig. 3 is an explanatory diagram showing the 
construction of a driver board of the inkjet device shown in 
Fig. 1; 

Fig. 4 is a cross-sectional view showing nozzle 
construction of an inkjet head of the inkjet device shown in 
Fig . 1 : 

Fig. 5(1) is a plan view of a pattern substrate; 
Fig. 5(2) is an enlarged view showing a region A of 
the pattern substrate shown in Fig. 5(1); 

Fig. 6 is an explanatory diagram of data conversion 
software that generates ejection data and timing control 
data from pattern data; 

Fig. 7(1) is an explanatory diagram showing a size o£ 
timing control data and ejection data according to the first 

20 embodiment; 

Fig. 7(2) is an explanatory diagram showing a size of 
timing control data and ejection data according to a 
conventional method; 

Fig. 8 is a timing chart of signals used in the inkjet 
25 device according to the first embodiment; 
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Fig. 9 is an explanatory diagram showing another 
pattern substrate recorded by the Inkjet device according to 

the first embodiment; 

Fig. 10 is an explanatory diagram of data conversion 
software that generates ejection data and timing control 
data from pattern data in an example of recording another 

substrate shown in Fig. 9; 

Fig. 11 is an explanatory diagram showing the 
construction of a driver board of an Inkjet device according 
to a second embodiment of the present invention,- 

Fig. 12 is a block diagram showing the construction of 
a timing control board of the Inkjet device according to the 
second embodiment; 

Fig. 13 is a table showing timing control data and 
related data used in the Inkjet device according to the 

second embodiment; and 

Fig. 14 is an explanatory diagram of data conversion 
software chat generates ejection data and timing control 
data from pattern data in the inkjet device according to the 
20 second embodiment. 

DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENTS 
An inkjet device according to preferred embodiments Of 
the present invention will be described while referring to 
the accompanying drawings wherein like parts and components 
are designated by the same reference numerals to avoid 
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duplicating description. 

First, an explanation of digital image data will be 
provided. Digital image data are data obtained by sampling 
and quantization of photographs and other analog images. 

Sampling is a process to extract data discretely from 
a continuous analog image. Recent printers sample image 
data at 600 dpi (dot /inch) in x and y directions. This 
density is hereinafter referred to as resolution. The 
sampled square area of 1/600 inch in x and y directions Is 
referred to as a pixel. The center position of the pixel is 
defined as a location of the pixel. Sampled data is 
generally an average optical reflection density of the pixel 
area or a related amount. The sampled data are referred to 
as pixel data. 

15 Quantization is a representation of the pixel data 

using a limited number of levels. For example, 256 levels 
per color are used to reproduce a photographic image. 
However, in the present embodiment, an explanation will be 
made about an example where a monochrome color is quantized 

20 to two values, that Is, black as 1 and white as 0. 

Digital image data is a set or" pixel data arrayed in x 
and y directions. In this embodiment, the number of the 
arrays in x and y directions of image data are initially 
defined, and the pixel data are filled into the arrays in a 

25 BMP (bitmap) data format or the like. 
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The Inkjet device according to the first embodiment of 
th e present invention will be described with reference to 
Figs. 1 to 8. 

Fig. 1 is an explanatory diagram showing the overall 
construction of the Inkjet device 1 in the first embodiment. 
As 5 hcwn in Fig. 1, -axis is defined in a direction 
parallel with the sheet of drawing, and z-axis is defined 
perpendicular to the x-axis and in a direction parallel with 
the sheet of drawing. Y-axis is defined perpendicular to 
both the x-axis and the z-axis, that is, perpendicular to 

the sheet of drawing. 

The Inkjet device 1 includes a controlling computer 
201 and an Inkjet unit 251. The controlling computer 201 
includes a controlling computer main unit 201C, a timing 
control board 204, and a memory board 205. The Inkjet unit 
251 includes an X-Y stage 252 well-known in the art, an 
Inkjet head 254 well-known in the art, a drive waveform 
generator board 255, and a driver board 256. The Inkjet 
unit 251 further includes an optical system for detecting 
the position of a pattern substrate 253 and an ink supply 
system and maintenance system for the Inkjet head 254 not 

shown in the drawings. 

The controlling computer main unit 201C includes data 
conversion software 202 and stage control software 203. The 
data conversion software 202 generates timing control data 
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207 and ejection data 208 from pattern data 206, and stores 
the timing control data 207 and the ejection data 208 in the 
timing control board 204 and the memory board 205, 
respectively, via a bus (not shown) of the controlling 
computer main unit 201C. As shown in Fig. 6, the timing 
control data 207 include drive waveform generation timing 
data 209 and ejection data transfer timing data, 210. 
Detailed descriptions will be provided later. The stage 
control software 203 controls the X-Y stage 252. 

The timing control board 204 and the memory board 205 
are Inserted in a board slot (not shown) of the controlling 
computer main unit 201C, and are connected to the bus (not 
shown) . The timing control board 204 outputs a drive 
waveform generation trigger Signal 506 and a data transfer 
request signal 507 to the drive waveform generator board 255 
and the memory board 205, respectively. The memory board 
205 has a transfer function. The memory board 205 transfers 
the ejection data 208 to the driver board 256 according to 
the data transfer request signal 507. The memory board 205 
20 is well Known in the art, thus descriptions of its 
construction are omitted. 

The X-Y stage 252 is movable in the x and y directions. 
The pattern substrate 253 is loaded on the X-Y stage 252. 
Here, y direction indicates a main scanning direction, and x 
25 direction indicates a sub-scanning direction. The X-Y stage 
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252 has an encoder (not shown) for outputting a y-directlon 
encoder output 257. The resolution of the y-direction 
encoder output 257 is IP in this embodiment. 

The inkjet head 254 is disposed above the pattern 
substrate 253, and ejects ink droplets on the pattern 
substrate 253. During ink ejection, the inkjet head 254 is 
fixed at a predetermined position, while the pattern 
substrate 2S3 is moved in x and y directions by the X-Y 
stage 252. The drive waveform generator board 255 and the 
driver board 256 are disposed near the inkjet head 254. The 
drive waveform generator board 255 generates drive waveforms 
258 based on the drive waveform generation trigger signal 
506, and sends the generated drive waveforms 258 to the 
inkjet head 254. The drive waveform generator board 255 is 
15 well known in the art, thus descriptions of its construction 
are omitted. The construction of the driver board 256 will 
be described later. 

The inkjet head 254 will be explained in detail with 
reference to Fig. 4. The inkjet head 254 is a common piezo- 
electric type on-demand inkjet head. The inkjet device 1 in 
this embodiment is provided with one Inkjet head 254. The 
inkjet head 254 is formed with 128 nozzles 254N (only one 
nozzle 254N ie shown in Fig. 4) and a common ink supply 
channel 708. The inkjet head 254 includes an orifice plate 
712, a pressure chamber plate 711, a restrictor plate 710, a 
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vibration plate 703, a piezo-electric-element fixing 
substrate 706, and a support plate 713. The 128 nozzles 
254N are arranged in a row in x direction, and spaced at 100 
npi (nozzles/inch) . Each nozzle 254N has a nozzle opening 
S 701 that is formed in the orifice plate 712, a pressure 
chamber 702 that is formed in the pressure chamber plate 711, 
and a restrlctor 7 07 that ie formed in the restrictor plate 
710. The restrictor 707 connects the common ink supply 
channel 708 and the pressure chamber 702, and controls ink 
io flow into the pressure chamber 702. 

The nozzle 254N further includes a piezo-electric 
element 704. The piezo-electric element 704 is fixed to the 
piezo-electric-element fixing substrate 706. The piezo- 
electric element 704 Is connected to the vibration plate 703 
by an elastic material 709 such as silicone adhesive, and 
has a pair of signal input terminals 705. The piezo- 
electric element 704 is formed and installed such that the 
element expands and contracts when a voltage is applied to 
the pair of signal input terminals 705 but otherwise retains 
its original shape. The support plate 713 reinforces the 
vibration plate 703. 

The vibration plate 703, the restrictor plate 710, the 
pressure chamber plate 711, and the support plate 713 are 
made of, for example, stainless steel. The orifice plate 
712 is made of nickel. The piezo-electric-element fixing 
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substrate 706 is made of an inflating material such as 
ceramics, polyimide, or the like. 

With the above-described construction, ink is provided 
from an ink tank (not shown) and flows downward through the 
common ink supply channel 708, and distributed to each 
restrictor 707. Ink further flows through the pressure 
chamber 702 to reach the nozzle opening 701. When a voltage 
is applied to the pair of signal input terminals 705, the 
piezo-electric element 704 deforms and a portion of ink in 
the pressure chamber 702 is ejected from the nozzle opening 
701. 

Next, the timing control board 204 will be described 
with reference to Figs. 1 and 2. As shown in Fig. 2, the 
timing control board 204 Includes an internal memory 501, a 
15 line counter 502, and delay pulse generators 504 and 505. 
The line counter 502 counts the y-direction encoder output 
257 of the X-Y stage 252, and output a signal 503 to the 
internal memory 501. The timing control data 207 (drive 
waveform generation timing data 209 and ejection data 
transfer riming data 210) are generated by the data 
conversion software 202 and written to the internal memory 
501. The Internal memory 501 outputs the drive waveform 
generation timing data 209 and the ejection data transfer 
timing data 210 to the delay pulse generators 504 and 505, 
25 respectively, based on the signal 503. The delay pulse 
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generator 504 outputs the drive waveform generation trigger 
signal 506 baaed on the drive waveform generation timing 
data 209 and the y-dlrection encoder output 257. Similarly, 
the delay pulse generator 505 outputs the data transfer 
request signal 507 baaed on the ejection data transfer 
timing data 210 and the y-directlon encoder output 257. 

The driver board 256 will be described with reference 
to Fig. 3. Here, the piezo-electric element 704 is shown by 
a capacitance symbol used in electric circuits. As shown in 
Fig. 3, the driver board 256 includes 128 switches 803, a 
123-bit latch 804, and a 128-bit shift register 805. One 
side of the pair of signal input terminals 705 (hereinafter 
referred to as common terminal side) for each piezo-electric 
element 704 is connected to a common terminal (not shown) . 
The drive waveforms (voltage) 258 (Fig. 8) common to all 
piezo-electric elements 704 are inputted to the common 
terminal side. The drive waveforms 258 are amplified to a 
required strength (for example, 10 Amps) by an amplifier 
(not shown) . The other side of the pair of signal input 
terminals 705 (hereinafter referred to as individual 
terminal side) of each piezo-electric element 704 is 
connected to the switch 803. 

The ejection data 208, in synchronization with shift 
clock S-CK, are inputted to the 128-bit shift register 805 
one bit at a time. At this time, the ejection data 208 in 
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the 128-bit shift register 805 are shifted one bit at a time. 
The ejection data 208 are 128-bit serial data, and each bit 
corresponds to each nozzle 254N. Logic 1 is defined as 
section of ink, while a logical value of 0 is defined as 

5 non-ejection of ink. 

The 128-bit latch 804 latches a total of 128-bit 
parallel data from the shift register 805 in synchronization 
With latch clock L-CK. The 128-bit latch 804 outputs drive 
signals 259 to the switch terminals of the 128 switches 803. 
10 The switch 803 applies a ground voltage to the individual 
terminal of the piezo-electric element 704 when the drive 
signal 259 of a logical value of 1 is applied to the switch 
terminal, while the switch 803 opens the individual terminal 
when the drive signal 259 of a logical value of 0 is applied. 
15 in other words, the drive signal 259 is a signal that turns 
on and off the corresponding switch 803 based on the 
ejection data 208. Thus, when the drive signal 259 of a 
logical value of 1 is applied, the piezo-electric element 
704 contracts and expands to eject ink. On the other hand, 
20 when the drive signal 259 of a logical value of 0 is applied, 
the piezo-electric element 704 does not contract or expand 
and no ink is ejected. 

As described above, an analog voltage (drive waveform 
258) is applied to the common terminals of the piezo- 
23 electric elements 704, while the individual terminals are 
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switched by digital signals (ejection data 208). This 
configuration simplifies the structure of the driver board 
256. 

Next, the pattern substrate 253 will be described with 
reference to Figs. 5(1) and 5(2). The pattern substrate 
253 is normally about 50 cm x 50 cm, but recently substrates 
of 1 m or larger are used. 

As shown in Fig. 5(1), the pattern substrate 253 
includes a plurality of display cells 261 and test pixel 
areas 262. Display cells vary widely in size, from 2 inch 
square cells for mobile phones to 20 inch square or larger 
cells. In some cases, a single substrate includes display 
cells with different sizes. Peripheral circuitry may be 
provided between the display cells, in which case required 
spaces are left between the display cells. in this 
embodiment, as shown in Fig. 5(1), spaces are left between 
the display cells 261. The interval in y direction between 
the display cells 261 is Ds. 

Fig. 5(2) is an enlarged view of an region A in Fig 
5(1). The display cells 261 are for color displays and 
include multiple rows (extends in x direction) and columns 
(extends in y direction) of sets of three pixels 263 (263R, 
263G, 263B) . The pixels 263R, 263G, and 263B are for red, 
green, and blue (RGB) colors, respectively. As shown in Fig. 
5(2), in order to eject ink for one color in a display cell 
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261, ink can be ejected at fixed intervals (Dpx in X 
direction and Dpy in y direction) . These intervale would 
normally be between ZOO to 400 Mm. Symbols *0» in Fig. 
5(2) indicate where the ink droplets are ejected. 
5 Descriptions for the pixels 263R for red color will be 
provided below, and ink for green and blue is ejected in the 
same way. 

As shown in Fig. 5(2), test pixels 264 are formed in 
the test pixel area 262. The y-direction positions of the 
10 test pixels 264 differ from the y-dlrection positions of the 
pixels 263R in the display cell 261. Also, the y-direction 
intervals between the test pixels 264 differ from the y- 
directlon intervals between the pixels 263R in the display 
cell 261. That is, the test pixels 264 are located at 
15 arbitrary positions which are on lines at intervals. 

To simplify description, the cell structure ahown in 
Fig. 5(2) will be defined as below. First, the interval Dpx 
in x direction between the pixels 263R is 254 pm (100 ppi) , 
which is the same as the nozzle pitch (nozzle interval) of 
20 the Inkjet head 254. Although the interval Dpy in y 
direction between the pixels 263R is generally the same as 
Dpx, the interval Dpy will be defined as 3 m m in this 
embodiment for the sake of explanation. Also, two display 
cells 261 will be considered here. One display cell 261 
25 involves six pixels 263R located at N2 and N3 in x direction 
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and at L2, L5, and L8 in y direction. The other display 
cell 261 also involve six pixels 263R located at N2 and N3 
in x direction and at L12, LIS, and L18 in y direction. The 
interval between Ni (1=1,2,3,...) in x direction is Dpx (-254 
M m), and the interval between Li (i-1,2,3,-1 in y direction 
is ljim, The L9 to L12 interval between adjacent pixels 
between the above two display cells 261 is 4 M », which 
differs from the 3 a m interval (for example, L2 to L5) 
between the pixels 263R in each display cell 261. This L8 
to L12 interval (4 itn) also differs from integral multiples 
o£ the 3 n m interval between the pixels 263R in each 
display cell 261. The two test pixels 264 are located at NS 
in x direction and at L6 and L13 in y direction, which are 
different ydirection positions from the y-direction 
15 positions of the pixels 263R in the display cells 261. 

The data conversion software 202 will be described 
with reference to Fig. 6. The data conversion software 202 
generates the ejection data 206 and the timing control data 
207 from the pattern data 206. The pattern data 206 are 
20 data that describe the ejection pattern to be formed on the 
pattern substrate 253. The detailed data format will not be 
described here, and it is enough to say positions at which 
ink is ejected are described at an accuracy of 1 Mm. The 
shaded positions in Fig. 6 indicate the pixels at which ink 
25 is ejected by the inkjet head 254. 
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In Fig. 6, the nozzle positions of the inkjet head 254 

in x direction are indicated as Ml. N2 The interval 

between the nozzles Nl <i=l, 2, 3, ...) are accurately fixed by 
head construction and are 254 » a in this embodiment. The 
positions of the Inkjet head 254 in the main scanning 
direction (y direction) are indicated as LI, L2, LIB, .... 
The y-direction encoder output 257 accurately determines the 
positions in the main scanning direction (y direction) of 
the inkjet head 254. When the length in y direction of the 
pattern subatrate 253 is 1 m, for example, the lines Li 
continue up to 10 to the power 6. 

Ae shown in Fig. 6, the timing control data 207 are 
defined for each line Li, and include the drive waveform 
generation timing data 209 and the ejection data transfer 
timing data 210. Each of the drive waveform generation 
timing data 209 is a bit signal that takes a logical value 
either 0 or 1. It is defined that a waveform is generated 
when the drive waveform generation timing data 209 has a 
logical' value of 1, and that a waveform is not generated 
when the drive waveform generation timing data 209 has a 
logical value of 0. Each of the ejection data transfer 
timing data 210 is also a bit signal that takes a logical 
value either 0 or 1. It is defined that a data transfer is 
requested when the ejection data transfer timing data 210 
has a logical value of 1, and that a data transfer is not 
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requeued when the ejection data tranter timing data 210 
has a logical value of 0. Since the timing control data 207 
are 2 bit data per line, the pattern substrate 253 that is 1 
meter long will only require 256 kbyte data. 

The drive waveform generation timing data 209 takes a 
logical value of 1 (generate drive waveform) at lines Li 
where at least one of nobles HI to N128 eject ink. 
Although the y-direction interval between pixels 263R is 
D py=3Mm in the example shown in Fig. 5(2), in actual use 
the y-direction interval is larger and, for instance, 254 p 
m. in this case, only one line out of 254 lines takes a 
logical value of 1 when ink ejection needs to be done only 
at the pixels 263 in the display cells 261. 

The Qjection data transfer timing data 210 takes a 
logical value of 1 (request transfer of ejection data 208) 
only at lines Li where the drive waveform generation timing 
data 209 has a logical value of 1. Further, even when the 
drive waveform generation timing data 209 has a logical 
value of 1, the ejection data transfer -timing data 210 takes 
a logical value of 0 when ink ia ejected using the same 
ejection data 208 as the ejection data 208 which were 
previously transferred. In this case, transfer of the 
ejection data 208 is omitted. For example, since line L5 
involves the same ejection data 208 as line L2, the ejection 
data transfer timing data 210 takes a logical value of 0 at 
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L5 such that the ejection data 208 is not transferred again. 
Similarly, since line L12 involves the same ejection data 
208 as line LB, the ejection data transfer timing data 210 
takes a logical value of 0 at L12 such that transfer of the 
ejection data 208 is omitted. However, since line LB 
involves different ejection data 208 from line L6, the 
ejection data transfer timing data 210 takes a logical value 
of 1 at L8 such that the ejection data 208 for L8 are 
transferred. 

In the example in Fig. 5(2), the y-direction positions 
of the pixels 263R in the display cells 261 are repeated at 
regular intervals. Therefore, in case ink ejection needs to 
be done only at the pixels 263R in the display cells 261, 
only the ejection data 208 for the first time need to be 
IS transferred. This substantially reduces the amount of the 
ejection data 208. In the example shown in Fig 6, the 
ejection data 208 for the pixels 263R in the display cells 
261 are transferred at line L2. Thus, if ink ejection needs 
to be done only at the pixels 263R in the display cells 261, 
there is no need to transfer the ejection data 208 again. 
However, in this example, the ejection data 208 are 
transferred at line L6 to eject ink at the test pixels (MS, 
L6) . 

Fig. 7(1) shows the timing control data 207 and the 
25 ejection data 208 corresponding to the example shown in Fig. 
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6. For comparison. Fig. 7(2) shows ejection data 
transferred when all the ejection data for each 1 H m are 
transferred with a conventional method. With the 
conventional method, 5 bits of ejection data need to be 
transferred for each of the 19 lines (Ll to L19) amounting 
to a total of 95 bits. By contrast, in the present 
embodiment (Fig. 7(1)), 38 bits (2 x 19) of the timing 
control data 207 and 25 bits (5 x 5) of the ejection data 
2D8 make a total of 63 bits, reducing a considerable amount 
of data. This difference becomes even greater in actual 
examples and substantially reduces the data volume. 

As described above, the Inkjet device 1 according to 
the present embodiment achieves ink ejection with high 
accuracy while minimizing the amount of data. In addition, 
ink ejection can be done accurately for regions including 
pixels with different intervals, such as the display cells 
261 and the test pixel areas 262 in this embodiment. 

Next, ink jet operation of the Inkjet device 1 will be 
described. After starting up the controlling computer 201, 
an operator inputs pattern data 206 for the pattern 
substrate 253, which is subjected to the Inkjet operation, 
into the controlling computer 201. The data conversion 
software 202 generates ejection data 208 and timing control 
data 207 based on the pattern data 206. The ejection data 
208 and the timing control data 207 are stored into the 
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memory board 205 and the timing control board 204, 
respectively. Then, the operator places the pattern 
9ubetrate 253 onto the x-y stage 252. 

The stage control software 203 of the controlling 
computer 201 controls the x-y stage 252 to move the 
substrate 253 in the x and y directions so as to determine 
the location of the substrate 253 in the x and y directions 
by using the optical system (not shown}. Then, the stage 
control software 203 moves the substrate 253 to a 
predetermined starting location and starts main scanning in 
the y direction. The x-y stage 252 starts outputting y- 
direction encoder output 257 (resolution: lum) to the timing 
control board 204. 

The line counter 502 is cleared at the start of the 
15 operation. The line counter 502 counts the y-direction 
encoder output 251 and, at the same time, outputs a signal 
503 to the internal memory 501. The signal 503 is input to 
the internal memory 501 as an address input for specifying 
an address of the internal memory 501. Then, the drive 
20 waveform generation timing data 209 and the ejection data 
transfer timing data 210 corresponding to a line L of the 
specified address are read out from the internal memory 501 
and output to the delay pulse generators 504 and 505, 
respectively. 

25 . If the logical value of the drive waveform generation 
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timing data 209 is 1, then the delay pulse generator 504 
outputs the waveform generation trigger signal 506 to the 
drive waveform generator board 255 in synchronization with 
the y-direction encoder output 257. Also, if the logical 
value of the ejection data transfer timing data 210 is 1. 
then the delay pulse generator 505 outputs the data transfer 
request signal 507 to the memory board 205 in 
synchronization with the y-direction encoder output 257. 

In this embodiment, 8-MHz shift clock S-CK is input 
to the memory board 205 all the times. When the logical 
value of the data transfer request signal 507 changes from 0 
to 1, then the memory board 205 outputs the ejection data 
208 to the driver board 256, one bit at a time In 
synchronization with the shift clock S-CK. The driver board 
15 256 outputs the driving waveforms 259 corresponding to the 
piezoelectric elements 704 in accordance with the ejection 
data 208 transferred from the memory board 205. On the 
other hand, upon reception of the waveform generation 
trigger signal 506, the drive waveform generator board 255 
generates driving waveform 258 and applies the same to the 
common terminal ends of the piezoelectric elements 704. As 
a result, ink Is ejected from one or more nozzles 254N whose 
ejection data 208 has the logical value of 1. Thus ejected 
ink impinges onto the substrate 253. 

After the main scanning in the y direction on the 
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substrata 2S3 ends, the substrate 253 is moved in the X 
direction by a predetermined amount, and then the main 
scanning in the y direction is resumed. Repeating the above 
operation provides a desired pattern on the 5 ub S trate 253 
with ink droplets impinged on the substrate 253. 

Next, operation for ejecting ink droplets onto pixel 
positions shown in Fig. 6 will be described with reference 
to the timing chart of Fig. 8. Lines LI, 12, 3hown in 

Fig. 8 are defined by the y-diraction encoder output 257. 
in this embodiment, the main scanning speed in the y 
direction is 50 to 100 mm/a, and so the average time 
interval of the y direction encoder output 257 is 10 to 20 
us. 

First, at LI, the logical values of the drive waveform 
generation timing data 209 and the ejection data transfer 
timing data 210 are both 0. Therefore, ink ejection is not 
performed. At L2, the logical value of the ejection data 
transfer timing data 210 is 1, so that the delay pulse 
generator Jos outputs the data transfer request signal 507 a 
predetermined time after the y-direction encoder output 257, 
and the memory board 205 transfers the ejection data 208 to 
the IZBbit Shift register 805 (Fig. 3). Here, the time 
width of the data transfer request signal 507 (time duration 
required to transfer the signal) is 16ua, and the ejection 
25 data 208 is transferred in synchronization with the shift 
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clock S-CK. After transfer of the 128bit ejection data 208, 
the latch clock L-CK is generated, so that the ejection data 
208 is latched to the 128blt latch 804. 

At line L2, the logical value Of the drive waveform 
5 generation timing data 209 i. 1. Therefore, the delay pulse 
generator 504 outputs the waveform generation trigger signal 
506 a predetermined time after the y-direction encoder 
output 257, so that the drive waveform generator board 255 
generates the predetermined driving waveform 258. As a 
10 result, ink droplets are selectively ejected in accordance 
with the ejection data 208. 

At L3 and L4, the logical values of the drive waveform 
generation timing data 209 and the ejection data transfer 
timing data 210 are both 0, so that nothing happens as at Ll. 
15 At L5, the logical value of the ejection data transfer 

timing data 210 is 0, so that the ejection data 20B ia not 
transferred. However, the logical value of the drive 
waveform generation timing data 209 is 1, so that the delay 
pulse generator 504 outputs the waveform generation trigger 
20 signal 506 a predetermined time after the y-direction 
encoder output 257, and the drive waveform generator board 
255 generates the predetermined driving waveform 258. At 
this time, the ejection data 208 transferred and latched at 
L2 is already stored in the 128bit latch 804. Therefore, 
25 ink is ejected in accordance with the ejection data 208 
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transf erred at L2. In this manner, the Inkjet operation is 
performed. The Inkjet operation is performed by repeating 
this process. 

Here, because the driving waveform 258 has a time 
S width (10 to 30us), it takes several-line worth of time 
after the waveform generation trigger signal 506 is output 
until ink is actually ejected from the nozzle 254N. 
Therefore, it is necessary to generate the drive waveform 
generation timing data 209 before reaching a target pixel 

10 position. 

Similarly, it takes predetermined time to complete 
transfer of the 12Bbit ejection data 208 to the driver board 
256 after generating the ejection data transfer timing data 
210. Therefore, it is necessary to generate the ejection 
15 data transfer timing data 210 before reaching a target line 
L. Especially when operation is performed at high speed, it 
takes several-line worth of time to complete transfer of the 
128bit ejection data 208, and subsequent 12Bbit ejection 
data 208 cannot be transferred during this time period. 
20 However, according to the present embodiment, it is 
unnecessary to transfer the ejection data 208 In succession, 
there is no danger that the ejection data 208 cannot be 
transferred even at high-speed operation. 

Here, once the driving waveform 258 is generated, then 
25 a subsequent driving waveform 258 cannot be generated for a 
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time duration equivalent to the time width of the driving 
waveform 258 (several-line worth of time) . Therefore, this 
should be taken into consideration when preparing the 

pattern data 206. 

In conventional techniques, the driving waveform 256 
is repeatedly generated at predetermined time intervale. 
However, in the present embodiment, the driving waveform 258 
is only generated when needed, and the Inkjet unit 251 is 
usually in a standby mode (in a status not to generate the 
driving waveform 258). However, the drive waveform 
generation timing data 209 that determines the generation 
timing of the driving waveform 258 is defined at lpm, it is 
possible to impinge an ink droplet onto a target line L with 
an accuracy of lum. 

It should be noted that, in Fig. 8, each of the 
numbers (0, 1, 2, . .., 128, , 256, 512) shown in the line of 
the ejection data 208 represents the number of the ejection 
data 208 that will be transferred to the driver board 256 
next. That is, at the beginning, the ejection data 208 of 
No. 0 is waiting to be transferred. After 12Bbit ejection 
data 208 (Nos. 0 to 127) is transferred at L2, then ejection 
data 208 of No. 128 waits to be transferred. After 128bit 
ejection data 208 (Nos. 128 to 255) Is transferred at L6, 
then ejection data 208 of No. 256 waits to be transferred 
25 next . 
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As described above, Che inkjet device 1 of the present 
embodiment generate;, the timing control data 207, which 
contribute, to highly precise portioning, and the ejection 
data 208, which contributes to low-resolution description 
s within cells, separately. Therefore, generation timing of 
the driving waveform and transfer timing of the ejection 
data can be freely determined using the timing control data 
20-7. As a result, ink droplets can be ejected highly 
precisely onto target positions without increasing data 
10 amount . 

Next, explanation will be provided for when the Inkjet 
operation is performed on a substrate 353 using the inkjet 
device 1 with reference to Pigs. 9 and 10. 

The substrate 353 shown in Fig. 9 includes display 
15 cells 361A, 3618, and 361C. The sizes of the display cells 
361A-361C are close to those of actual use and are much 
larger than those in the substrate 253 of Fig. 2. 

Specifically, the display cell 361A includes 400 
pixels in the y direction and 640 pixels in the x direction. 
20. The ink-ejection pitch Dp is 254um both in the x and y 
directions. The inkjet device 1 ejects ink droplets onto 
400 lines in total, L10 and every 254th line after L10 in 
the y direction (L10, L264, L101356) . using 640 nozzles 

(from Nil to N651) . The display cell 361B includes 160 
25 pixels in the y direction and 120 pixels in the x direction. 
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ink-ejection pitch Dp is 254pm both in the x and y 
directions. The Inkjet device 1 ejects Ink droplet onto 
160 lines in total, L200 and every 254th line after L200 

(L20 0, L454 , L40596), using 120 nozzles (M701 to N820) . 

5 The display cell 361C includes 160 pixels in the y direction 
and 120 pixels in the x direction, ink-ejection pitch Dp is 
254um both in the x and y directions. The Inkjet device 1 
ejects ink droplets onto 160 lines in total, L61036 and 

every 254th line after L61036 (L61036, L61290 , 

10 1101422), using 120 nozzles (N701 to N820) . 

An interval Da between the display call 361B and the 
display cell 361C (between 140586 and L61036) in the y 
direction is 20450um. In this example also, the interval Ds 
is not a multiple of the ink-ejection pitch Dp = 25Aum. 
15 Therefore, the Inkjet operation cannot be continued while 
keeping the interval Dp in the previous cell because this 
will displaces the impinging positions of ink droplets. 
Thus, even if the interval Dp in each display cell is the 
same, the phase must be adjusted for pixels in a subsequent 
20 display cell. That is, positions to impinge ink droplets 
must be determined in accordance with the interval Ds 

between the cells. 

Next, ejection data 20 B and timing control data 207 
generated based on pattern data 306 will be described with 
25 reference to Fig. 10. It should be noted that, except for 
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the first line LO and lines after L101422, Fig. 10 shows 
only representative lines 257 of which the drive waveform 
generation timing data 209 has a logical value of 1 (LlO, 

L200, L264. . . ) . 

Lines where the ejection data transfer timing data 210 
has the logical value of 1 (requesting transfer) are only 
lines where the logical value of drive waveform generation 
timing data 209 is 1. Further, if ink ejection is possible 
using previously transferred ejection data 208, then the 
ejection data transfer timing data 210 takes the logical 
value of 0 so Chat data transfer is omitted. For example, 
in a region from L40650 to L60970, only ink ejection is 
performed for the display cell 361A, and not for the display 
cells 361B and 361C. Accordingly, the ejection data 208 
transferred at L40650 can.be used at different lines in this 
region, i.e., L40904, L41158 ... and L6097Q (every 254th 
line) . Therefore, the ejection data transfer timing data 
210 at these lines L40904, L41158 ... and L60970 has the 
logical value of 0, so that data transfer is omitted, 
thereby substantially reducing the amount of data that has 

to be generated. 

Also, the ejection data 208 is not transferred unless 
ink ejection is actually performed (for example, at L200, 
L264, L61224, L61290, and the like). Therefore, even in a 
region where the pixels 263 of both the display cells 361A 
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and 361B exist or in a region where the pixels 263 of both 
the display cella 361A and 361C exist, the data amount can 

b© vastly reduced. 

As described above, even when the interval Ds is not a 
s multiple of the ink-ejection pitch Dp, the Inkjet device 1 
can eject ink droplets accurately on the target pixels 261 
without increasing the amount of data. 

Next, an Inkjet device 401 according to a second 
embodiment of the present invention will be described With 
10 reference to Figs. 11 to 14. The Inkjet device 401 of this 
embodiment has the same configuration as that of the above- 
described inkjet device 1, except in that the Inkjet device 
401 includes a driver board 456 shown in Fig. 11 and a 
timing control board 404 shown in Fig. 12 and in that data 
15 differing from the timing control data 207 is generated by 
the data converting software 202. Accordingly, only the 
driver board 456, the timing control board 404, and the data 
generated by the data converting software 202 will be 
described below. 

A3 shown In Fig. 11, the driver board 456 of this 
embodiment differs from the driver board 256 shown in Fig. 3 
in that the driver board 456 includes a 128-bit shift 
register 1201 (hereinafter referred to as "shift register 
B1201) in addition to the 128-bit shift register 805 
25 (hereinafter referred to as "shift register A805) . Like the 
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shift register A805, the shift register B1201 is a normal 
shift register that receives serial data and outputs 
parallel or serial data. The shift register A805 has a 
serial-input 805in and a aerial-output 805out. Similarly, 
S the shift register B1201 has a serial-input 1201in and a 
serial-output I20lout. 

The driver board 456 further includes switches SI and 
S2. The switch 91 can be switched between a terminal SIA 
and a terminal SIB. The switch 52 can be switched between 

10 open and closed. 

The timing control board 404 differs from the above- 
described timing control board 204 (Fig. 2) in that the 
timing control board 404 can output switch signals 1104 and 
1105 to the switches Si and S2 of the driver board 456, 

15 respectively. 

Switching control for switching the switches Si and 32 
will be described. The data converting software 202 
determines one of modes M0 to M4 to be described later based 
on a timing control data 407 shown in Fig. 13, which 
includes a most significant bit 1101, a second bit 1102, and 
a least significant bit 1103, and than generates switch 
signals 408 (1104 and 1105) for the switches Si and S2, 
' based on the determined mode. The switch signals 1104 and 
1105 are transmitted to the switches Si and S2, respectively, 
25 via the internal memory 501 of the timing control board 404, 
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ao ae to switch the status of the switches SI and 82. 

As shown in Fig. 11, when the switch SI is connected 
to the terminal S1A, then the serial-input 805in of the 
shift register A80S can receive the ejection data 208. On 
5 the othor hand, when the switch Si is connected to the 
terminal SIB, then the serial-input 805in of the shift 
register A805 can receive output data from the serial-output 
1201out of the shift register 81201. When the switch S2 Is 
closed, the shift clock S-CK is input to the shift register 
10 B1201. When the switch S2 is open, then the shift clock S- 
CK is not input to the shift register B1201 

Also, the serial-output 805out of the shift register 
A805 is connected to the serial-input 1201in of the shift 
register B1201 via a signal line 1202, SO that output data 
15 from the serial-output 805out of the shift register A805 is 
input to the serial-input 1201in of the shift register B1201. 

Fig. 13 shows the timing control data 407 and various 
relating data according to the present embodiment. The 
timing control data 407 is generated by the data converting 
20 software 202 based on pattern data 406 (Fig. 14). 

Five modes M0-M4 are shown in an uppermost line in Fig. 
13. The timing control data 407 is shown in second to third 
lines (area inside heavy-line frame) . The timing control 
data 407 is defined for each line L and includes the most 
zs significant bit 1101 (2 to the power 2), the second bit 1102 
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(2 to the power 1) , and the least significant bit 1103 (2 to 
the power 0). The most significant bit 1101 indicates 
whether or not to generate the drive waveform 258, and takes 
a logical value of 1 indicating "generate" or a logical 
5 value of 0 indicating "not generate". The second bit 1102 
indicates whether or not to transfer the ejection data 208, 
and takes a logical value of 1 indicating -transfer" or a 
logical value of 0 indicating -not transfer". The least 
significant bit 1103 indicates whether or not to rotate data 
io between the shift register A805 and the shift register B1201 
in a manner described later, and takes a logical value of 1 
indicating "rotate", a logical value of 0 indicating "not 
rotate". Here, asterisks in Fig. 13 indioate that the least 
significant bit 1103 can take any logical value. The 
15 combination of these 3 bits of the timing control data 407 
defines the five modes MO to M4. 

Fifth to eighth lines in Fig. 13 indicate status of 
the latch clock L-CK and shift clock S-CK and status of the 
switches Si and S2 in each mode. More specifically, in the 
fifth line, it is indicated whether or not to generate the 
latch clock L-CK. A logical value of 1 indicates '"generate", 
and a logical value of 0 indicates "not generate". In the 
sixth line, it is indicated whether or not to input the 
Shift clock S-CK to the shift register B1201. A logical 
value of 1 indicates "input", and a logical value of 0 
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indicates "not input". In the seventh line, a terminal to 
which the switch Si is connected to is indicated. S1A 
indicates "terminal S1A", and SIB indicates 'terminal SIB". 
Asterisks indicate that the switch si can be connected to 
either the terminal S1A or SIB. In the eighth line, the 
statue of the switch S2 is indicated. Asterisks indicate 
that the switch S2 can be either opened or closed. 

Next, explanation will be provided for each mode M0-M4. 
In the mode MO, the driving waveform 258 is not generated, 
so ink ejection is not performed. Accordingly, the ejection 
data 208 is not transferred. The latch clock L-CK nor the 
shift clock S-CK is output. The switches SI and S2 can be 

in any status. 

The mode Ml is a waveform generation mode without data 
15 rotation and is similar to the mode MO, but differs only in 
that the drive waveform 258 is generated in the mode Ml so 
that ink ejection is performed. 

The mode M2 is a waveform generation mode with data 
rotation. In the mode M2, the switch Si is connected to the 
terminal SIB, so that the serial-output I201out of the shift 
register B1201 is connected to the serial-input 805in of the 
shift register A805. Because the switch S2 is closed, the 
shift clock S-CK is input to both the shift register AB05 
and the shift register B1201. Accordingly, the ejection 
data 208 previously stored in the shift register A805 is 
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input to the shift register B1201 via the signal line 1202, 
and the ejection data 208 previously stored in the shift 
register B1201 is input to the shift register A805 via the 
switch SI. That is, the contents of the shift register A805 
and the contents of the shift register B1201 are switched. 
This is referred to as «data rotation". After data rotation 
completes, the latch clock L-CK is generated. As a result, 
the ejection data 208 stored in the shift register A805 is 
latched to the latch 804. The ejection data 208 latched to 
the latch 804 in this manner is the data previously stored 
in the shift register B1201. 

The mode M3 is a data transfer mode without data 
rotation. The switch 91 is connected to the terminal S1A, 
so that the ejection data 208 transferred from the memory 
board 205 is input to the aerial-input 805in of the shift 
register A805. Also, because the switch 32 is opened, the 
shift clock S-CK is input to the shift register A805, but is 
not input to the shift register B1201. Therefore, in the 
mode M3, the driver board 456 operates in the same manner as 
the above-described driver board 256 when both the drive 
waveform generation timing data 209 and the ejection data 
transfer timing data 210 have the logical value of w l". 
That is, the ejection data 208 previously stored in the 
shift register AB05 is replaced by ejection data 208 newly 
25 transferred from the memory board 205. On the other hand, 
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the ejection data 208 stored in the shift register B1201 is 
retained. 

The mode Md is a data transfer mode with data rotation. 
The switch SI is connected to the terminal S1A, so that the 
5 serial-input 805in of the shift register A805 can receive 
the ejection data 208 transferred from the memory board 205. 
Because the switch S2 is closed, the shift clock S-CK Is 
input to both the shift register A605 and the shift register 
B1201. Therefore, the ejection data 208 transferred from 

10 the memory board 205 is input to the shift register A805, 
and the ejection data 208 previously stored In the shift 
register AB05 is input to the shift register B1201 by data 
rotation. At this time, the ejection data 208 previously 
stored in the shift register B1201 is erased. 

15 Next, the timing control data 407 and the ejection 

data 208 according to the present embodiment will be 
described with reference to Fig. 14. The timing control 
data 407 and the ejection data 208 are both generated based 
on pattern data, In this example, pattern data 406 is used. 

20 The pattern data 406 is similar to the pattern data 306 
shown in Fig. 10 , but differs in that a location of a 
display cell 361C is shifted one nozzle position to the 
right from the display cell 361C. Thus, a region of the 
display cell 361C in the x direction Is N702 to N821. 

25 As described above, the timing control data 407 is 
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defined for each line L and includes the most significant 
bit 1101, the second bit 1102, and the least significant bit 
1103. 

Fig. 14 also shows, in two right columns (register A, 
register B) , the ejection data 208 to be stored in the shift 
register A805 and that to be stored in the shift register 
B1201 at each line L. For example, at line L264, L10 is 
shown in the register A, and L200 is shown in the register B. 
This indicates that, at the line L2S4, the ejection data 208 
of L10 is stored in the shift register A805, and the 
ejection data 208 of L200 is stored in the shift register 
B1201. 

Next, the pattern data 406 will be described for each 
line L. The driver board 456 is in the mode M0 (idle mode) 
at lines L0 to L9, prior to L10 where ink ejection is first 
performed for the display cell 361A. Therefore, the driving 
waveform 258 is not generated, so that ink ejection is not 
performed. At line L10, the driver board 456 is in the mode 
M3 (data-transfer mode without data rotation) . Therefore, 
the ejection data 208 (0 ■ • 11 ' • 10 • -00 • • 00 • • ) is transferred. 
Then, the driving waveform 258 is generated to eject ink 
droplets. At the lines L11-L199, the driver board 456 is in 
the mode M0 (idle mode), so ink ejection is not performed. 
At L200 where ink ejection is first performed for the 
display cell 361B, the driver board 456 is in the mode M4 
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(data transfer mode with data rotation), so that the 
ejection data 208 (0 • -00 ■ - 00 • • 11 ■ • 10- • ) o£ L200 is input to 
the shift register A805. Then, the drive waveform 258 is 
generated to eject ink droplet. In this manner,, the inkjet 

5 operation is performed. At this time, the ejection data 208 
(0"11- -10" '00- -00- ' ) of L10 previously stored in the shift 
register A805 is moved Into the shift register B1201. 

In the following, operation only in the modes other 
than the mode M0 will be described. Between lines L264 to 

10 L4065Q, at L264 and at every 254th line after L264 (L264, 
L518, .... L40650, the driver board 456 is in the mode M2 
(waveform generation mode with data rotation) . Therefore, 
ejection data 208 of L10 stored in the shift register B1201 
is moved to the shift register A805, and then ink ejection 

15 Is performed. Between lines L454 and L40586, at L454 and at 
every 254th line after L454 (L454, L40586) also, the 

driver board 456 is in the mode M2 (waveform generation mode 
with data rotation) . Therefore, at these lines L, the 
ejection data 208 of L200 stored in the shift register B1201 

20 is moved to the shift register A805, and then the ink 
ejection is performed. 

Between L40904 and L60970, at L40904 and at every 
254th line L after L40904 (L40904, L60970) , the driver 

board 456 is in the mode Ml (waveform generation mode 

25 without data rotation). Therefore, at these lines, the 
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ejection data 208 of LlO having been stored in the shift 
register A805 is used for ink ejection. 

At line L61036 where ink ejection is first performed 
for the display cell 361C, the driver board 456 is in the 
5 mode M4 (data transfer mode with data rotation) . Therefore, 
the ejection data 200 (0 • ■ 00 ■ ■ 00 • • 01 • ■ 11 • • ) of L61036 is 
transferred from the memory board 205 to the shift register 
A805. Accordingly, the ejection data 208 of L61036 is 
stored into the shift register A805. At this time, the 
L0 ejection data 208 previously stored in the shift register 
AB05 moves into the shift register B1201 by data rotation. 
Then, the driving waveform 258 is generated, and so the ink 

ejection is performed. 

Thereafter, between L61224 and L101356, at L61224 and 

15 at every 254th line after L61224 (at L61224, L101356), 
the driver board 456 is in the mode M2 (waveform generation 
mode with data rotation) . At these lines, the ejection data 
208 of LlO previously stored in the shift register B1201 is 
moved into the shift register A805, and then the ink 

2D ejection Is performed. 

Also, between L61290 and L101422, at L61290 and at 
every 254th line after L61290, the driver board 456 is in 
the mode M2 (waveform generation mode with data rotation) , 
so that the ejection data 208 of L61036 stored in the shift 

25 register B1201 is moved into the shift register A805 by the 
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data rotation, and the ink ejection is performed. 

As described above, according to the inkjet device 401 
of the present embodiment, the amount of data to transfer 
can be further reduced compared with the above-described 
5 inkjet device 1. 

While the invention has been described in detail with 
reference to the specific embodiment thereof, it would be 
apparent to those skilled in the art that various changes 
and modifications may be made therein without departing from 
10 the spirit of the invention. 

For example, a medium on which the inkjet device 
ejects ink droplets is not limited to a glass substrate or 
the like, but could be sheet of paper, printed substrate, or 
any other medium that can be placed at a distance from the 

15 print head. 

The ink used in the inkjet devices could be water- 
based ink, oil-based ink, solvent ink, metal ink, 
luminescent materials, filter materials, or the like, 
provided ink droplet3 can be ejected in response to a 

20 piezoelectric drive signal. 

In the above embodiments, the inkjet device 1, 401 
includes the single inkjet head 254. However, the inkjet 
device 1, 401 could include two or more ink jet heads 254 
depending on the resolution of display pixels. Also, in the 

25 above embodiments, the plurality of nozzles 254N are aligned 
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in the x direction. However, the nozzle line could extend 
at an angle with respect to the x direction. 

The Inkjet device 401 of the above-described second 
embodiment includes the single shift register B1201. 
However, the Inkjet device 401 could include two or more 
shift registers B1201. In this case, the amount of data to 
transfer is further reduced. 

In the first and second embodiments, the driving 
signal 259 could be a different signal depending on the 
corresponding piezoelectric element 704 so as to suppress 
manufacturing variation of the piezoelectric element 704. 
For example, the driving signal 259 could be a signal that 
controls ON/OFF Of the switch 803 and also controls ON-time 
duration of the switch 803, based on both the ejection data 
208 and data indicating ON-time percentage. Specifically, 
the switch 803 could be a turned ON for a time duration 100% 
of the driving waveform 258 or 95% of the driving waveform 
259. Changing the ON-time duration of the switch 803 can 
control the level of voltage that is applied to the 
26 piezoelectric element 704. 
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